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Introduction
The taxonomic and nomenclatural problems of coccoid green algae lacking distinctive morphological characters go back decades. Starting with uninformative species descriptions and continuing with re-classification of the taxa based on more detailed morphological (e.g. cell wall structure) and chemotaxonomical characterizations, For maintenance, all cultures were transferred to modified liquid BG11 medium in which only one tenth of the recommended micronutrient solution was used (Rippka et al., 1979) and grown at 21°C and a photon flux density of 40 µmol m -2 s -1 from F33
cool-white fluorescent lights (Tungsram, Budapest, Hungary) on a 14 : 10 h light: dark cycle.
Microscopy and pigment analysis
Live cells from young cultures were examined under an Olympus BX51 microscope (Olympus, Tokyo, Japan) equipped with an Olympus UPLFLN 100× objective and differential interference contrast optics. Digital images were made with an Olympus DP71 digital camera. For cell size calculations, approximately 400 cells were measured manually using Olympus Cell D software v3.1. Transmission electron microscopy Macherey & Nagel, Düren, Germany). Reversed phase HPLC was made on Ultimate 3000 HPLC system (Dionex, Sunnyvale, USA). The detection wavelength for integration was 440 nm. Peaks were identified by comparing retention times (t r ) and online spectra of pigment fractions with those of authentic standards.
Phylogenetic analysis
Genomic DNA was extracted according to the procedure described by Somogyi et al. (2009) . To avoid the formation of non-chlorophyte amplicons, PCR amplification of the whole 18S rRNA gene was completed with two separate Chlorophyta-specific reactions, as some of the strains were not axenic and therefore might contain other eukaryotic taxa, e.g. UTEX 2502 was heterogeneous according to Yamamoto et al. (2003) . PCRs performed with primer pairs Euk328f-Chlo02R and ChloroF-Euk329r (Table 1) generated two overlapping fragments that were merged after sequencing. Reactions were carried out in a final volume of 50 μl using approximately 2 μl genomic DNA, 0.2 mM of each deoxynucleotide, 1 U LC Taq DNA polymerase (Fermentas, Vilnius, Lithuania), 1× PCR buffer (Fermentas), 2 mM MgCl 2 , 0.325 mM of each primer and 20 μg of BSA (Fermentas). The thermal profile consisted of a first denaturing step at 98°C for 3 min, followed by 32 amplification cycles and a final extension step at 72°C for 10 min. In the case of the primer pair Euk328f-Chlo02R, an amplification cycle consisted of 94°C for 45 s, 55°C for 1 min and 72°C for 1.5 min, while in the case of the primer pair ChloroF-Euk329r the cycle was 94°C for 1 min, 59°C for 1 min and 72°C for 1 min. Amplicons were purified with the PCR-M TM Clean Up System (Viogene, Sijhih, 
Results and Discussion

Morphology, ultrastructure and reproduction
All of the strains had green, spherical or oval cells, which propagated by autosporulation. Light microscopy revealed two, three or four autospores per sporangium. The cells of SAG 55.87 were 1.6-3.9 µm wide and 1.8-4.0 µm long, with an average size of 2.6 × 2.8 µm. Similar results were found in case of UTEX 2502 (with an average size of 2.6 × 2.9 µm) and SAG 1.80 (with an average size of 2.7 × 2.9 µm). associated with the concavity of the chloroplast and also with the nucleus (Fig. 2 ).
Vacuoles and a peroxisome were also observed, surrounded by the cytoplasm, which contained ribosomes (Fig. 2) . A Golgi body was also found ( Fig. S1 as Supplementary material). There were no flagella and no basal bodies were detectable by electron microscopy. In some cases, vegetative cells contained several lipid droplets (Fig. 3 ).
The cell wall had electron-dense and electron-transparent layers and an average thickness of 50-90 nm. It consisted of an outer layer with a trilaminar structure (an inner electron-dense, a middle electron-transparent and an outer electron-dense layer)
and an inner, dense and relatively thick layer (inner microfibrillar sheet) covering the plasma membrane ( an additional single nucleotide insertion/deletion was observed, which could be the result of PCR amplification and sequencing bias (a T at position 490 of AB080304, which occurred within a TTTT motif; our sequence had TTT instead).
Sequencing the 18S rRNA gene of SAG 55.87 confirmed its identity (100 % pairwise similarity) with UTEX 2502. Thus, our finding suggests that Huss et al. (1999) and Yamamoto et al. (2003) et al. (1982) . Unfortunately the Mainz 1 strain does not seem to be available in any culture collection.
Based on the phylogenetic analysis, the three strains we studied formed a distinct, well-separated group close to the recently described Chloroparva pannonica (Fig. 13) . Excluding the regions containing introns, the Chloroparva strains showed 99.6-100% similarity to each other but only 97.5-97.9% pairwise nucleotide similarity values with the three strains (Fig. 13) . The relatively low pairwise similarities between the three strains studied here and Chloroparva, and the high bootstrap values (100/100/1.00 for Chloroparva and -/98/0.93 for the studied group; Fig. 13 ) support the designation of a novel genus separate from Chloroparva.
Morphological and ultrastructural comparisons
On the basis of the morphological analysis, SAG 55.87 differed significantly from strain Mainz 1 (Picochlorum eukaryotum), which confirmed that the two isolates are nonidentical even though they have the same origin. According to the original description, the cell size of P. eukaryotum ranges from 0.8 to 1.5 µm in width and 1.1 to 2.2 µm in length (Wilhelm et al., 1982) . SAG 55.87 had significantly larger cells with an average diameter of 2.6 × 2.8 µm. The cellular organization and the cell wall structure were very similar in the two isolates (Wilhelm et al., 1982; Menzel & Wild, 1989) , but this is not uncommon among coccoid green algae (Krienitz et al., 1996; Krienitz et al., 1999; Krienitz et al., 2011) . On the other hand, in the case of strain Mainz 1, only two autospores were formed per mother cell (Wilhelm et al., 1982) , in contrast to the two, three or four in SAG 55.87 strain. As stated by Krienitz et al. (1996) , however, the number of autospores may depend on culture conditions.
To the best of our knowledge, TEM investigations of the isolates have not been carried out previously, but two strains (SAG 55.87 and UTEX 2502) were studied by light microscopy (Tschermak-Woess, 1999; Yamamoto et al., 2001; 2003) . As pannonica chloroplasts under the same culture conditions. The cell wall structure also differs: the innermost electron-transparent layer is absent in SAG 55.87. Lipid droplets, sometimes found in SAG 55.87, were never found in the vegetative cells of C.
pannonica (Somogyi et al., 2011) .
Fatty acid analysis has been carried out for both genera. In the case of C.
freshwater Choricystis clade, Meyerella and Marvania species (Table S1 ). All of these genera have members with indistinguishable morphology: they are spherical to oval cells with a diameter of 2 µm (classical 'green balls', Table S1 ), simple ultrastructure, and similar pigment composition and cell wall structure. Nowadays, the identification of these species is mainly based on 18S rRNA gene analysis, however in some cases, species delineation can require multigene analysis (using ITS regions, rbcL, etc.) and/or detailed taxon sampling (Coleman, 2003; Fawley et al., 2005; Krienitz & Bock, 2012) .
For example, considerable genetic variation (mainly based on rbcL) suggests the presence of several cryptic species within the Choricystis clade, but additional sequences will be necessary to clarify phylogenetic relationships (Hepperle & Krienitz, 2001; Hepperle & Schlegel, 2002; Fawley et al., 2005) . In many cases, the greatest challenge comes from conflicts between the old, morphology-based classification system and the new, more natural phylogenetic system (Krienitz & Bock, 2012) . The types of older species descriptions were usually figures or rarely specimens, but not strains, and sometimes authentic strains are missing, such as in the case of Choricystis species. This can lead to nomenclatural difficulties: sometimes it is very hard to link the previously described morphospecies with the observed genetic variations, as can be seen in the Choricystis clade (Krienitz et al., 1996; Fawley et al., 2005) . Difficulties can also arise from incorrect strain identifications, as we have shown here. The present study brings us one step closer to eliminating the nomenclatural problems related to minute coccoid green algae by describing Pseudochloris wilhelmii as a new genus and species.
Supplementary information
The following supplementary material is available for this article, accessible via the Supplementary Content tab on the article's online page at Table S1 . Main properties (habitat, morphological and phylogenetic attributes) of picosized (< 3 µm) coccoid chlorophytes within the Trebouxiophyceae. Retention time (min) on the x-axis and absorbance (mAU) on the y-axis. Peak identities:
(1) neoxanthin, (2) violaxanthin, (3) antheraxanthin, (4) lutein, (5) zeaxanthin, (6) chlorophyll b, (6a) isomer of chlorophyll b, (7) chlorophyll a, (7a) isomer of chlorophyll a, (8) α-carotene and (9) β-carotene. 
